Abstract. Accurate stellar distances -as can be provided only by space astrometry -are necessary for the determination of accurate stellar fundamental parameters (in particular luminosity and mass) of single and non-eclipsing binary stars. These same parameters are needed, together with the oscillation frequencies determined by asteroseismologic observations, to provide stringent tests of stellar structure and evolution models. The impact on stellar structure studies of the upcoming generation of space astrometric and asteroseismological missions (in particular Gaia, currently under study at the European Space Agency) is discussed.
INTRODUCTION
As amply demonstrated by the successes of helioseismology, the oscillation frequencies of a star give a powerful constraint on its interior structure. Such oscillations are visible as small, periodic brightness variations, and thus accurate photometric time series constitute the basis of most asteroseismological investigations. Also, it is possible to detect the same periodicities by spectroscopic methods, monitoring either the radial velocity of the star or its spectroscopically determined effective temperature. Both techniques have been verified on the Sun, but are unlikely to be applied on a large scale to other stars (perhaps with the exception of the brightest ones), due to much lower photon budget. Helioseismological observations, both ground-and space-based, have been used in the last several years to determine in detail the interior structure of the Sun and even its interior chemical composition.
The perturbing effect of the Earth's atmosphere (in particular, scintillation noise) has so far prevented ground-based observations of oscillations in other solar-type stars, a fundamental limitation unlikely to disappear in the near future. The irregular duty cycle imposed onto ground-based observations by the atmospheric instability and by telescope availability also introduces additional "noise" in the observations. However, stars which oscillate with larger amplitudes (and which can therefore be successfully observed through atmospheric scintillation), such as the 8 Scuti-type variables or white dwarfs are the subject of active ground-based research. A few ground-based detections of oscillations of solar-type stars have been reported in the literature, but none of them has been independently confirmed.
To avoid the effect of atmospheric scintillation, the obvious solution is to go to space, where small, dedicated telescopes will be able, through long uninterrupted campaigns, to detect oscillations in significant numbers of stars of different types. Several missions have been proposed for this purpose, and some of them are being developed at the moment. Probably, the largest of them has been the Stars mission, aim diameter dedicated telescope studied through phase A but finally not selected by the European Space Agency for its "scientific medium mission" program. A very small French mission (Evris) flying piggyback on the Russian Mars-96 planetary mission met an ill fate when the launcher failed, while the bigger (30 cm) French mission Corot is currently being built, for launch in the next few years. A Canadian micro-satellite, Most, with a 15 cm telescope, has been studied up to phase A, and a Danish small satellite with a 34 cm telescope, Mons, is currently being proposed. Also, the American mission Kepler (currently proposed to NASA), aim diameter telescope whose main purpose is to search for extra-solar earth-like planets, would likely be able to do asteroseismological observations. The observed frequencies which are the result of asteroseismologic observations can be used to study the interior stellar structure through both a "direct" and an "inverse" approach. In the first case, given initial approximate stellar parameters and a set of stellar models, the frequency information can be used to derive a best-fit value for the fundamental stellar parameters, i.e. the mass and radius of the oscillating stars, thus placing them on the HR diagram and, among other things, determining their evolutionary status. This approach has been employed in a few by now classical cases, as, for example, for the solar-type sub-giant rj Boo (Christensen-Dalsgaard et al. 1995 , Guenther Sz Demarque 1996 and for the two 8 Set-type variables, SX Phe and AI Vel (Petersen & Christensen-Dalsgaard 1996) , for which basic stellar parameters have been derived using oscillation frequencies. The solidity of the approach has elegantly been shown when the Hipparcos data for the stars in question became available (North et al. 1997) , fully confirming, within the expected uncertainties, the stellar radii and luminosities derived from the oscillation frequencies.
The direct approach, however, relies on the a priori assumption that stellar structure and evolution models and the underlying physics used are correct, and it cannot therefore be used to rigorously test or tune either the models or the physics. While "extension" of the models tested with the direct approach to nearby regimes might be granted, their extension over critical changes in the relevant physical regimes is certainly not. For example, Popper (1997) shows how apparently "successful" models fail to account for the position in the HR diagram of the components of detached low-mass eclipsing binaries, for which very accurate (~ 1 %) stellar parameters are available.
Thus an "inverse" approach is necessary, when one is using stellar oscillation frequencies to test stellar structure and evolution models as well as all the underlying physics (opacities, convection theory, etc.). The physics which is used to compute stellar oscillation frequencies for a given interior structure is relatively simple and well known. Once accurate stellar parameters are known a priori, the agreement (or lack of it) between the predicted and the observed oscillation frequencies is a critical test of the stellar structure model used, although the agreement between the predicted and observed frequencies by itself does not prove that a given model is correct. In this way, different stellar structure models can be tested, and eventually "tuned" until a satisfactory match to the observed frequencies is obtained.
Such an approach requires, as a starting point, reliable and independently known fundamental stellar parameters, i.e. the mass M, the radius R, the effective temperature Teff and the metallicity Z, meaning by it the set of individual abundances from all of the relevant elements. In addition to the commonly determined [Fe/H], abundances of 0, Mg and Si need to be determined, due to their role in determining the opacity of the convective envelopes in latetype stars. Also, Ne has a similar role, with the additional problem that its abundance in stars cannot be determined spectroscopically. With the exception of eclipsing binary systems, the accurate determination of fundamental stellar parameters requires knowledge of the distance.
In this paper, the status of the currently available accurate stellar parallax determination (mostly from the Hipparcos mission) will be compared with the planned characteristics and performance of the Gaia mission. After briefly reviewing the status of determination of fundamental stellar parameters, the contribution of high-accuracy space astrometry will be discussed through a few case studies, pointing out the basic areas which will need to be improved through theoretical and ground-based observational work.
THE FUTURE OF ACCURATE PARALLAX DETERMINATIONS: THE GAIA MISSION
The Hipparcos mission has demonstrated the feasibility of accurate global space astrometry in obtaining parallaxes with both random and systematic errors (down to ~ 1 mas) at least one order of magnitude below what can be obtained from the ground, leading to several important results on the status of stellar structure and evolution theory -see the case studies discussed in Section 4. Despite the fact that Hipparcos results constitute a major leap with respect to the pre-Hipparcos era, they offer, however, a limited database for the in-depth study of stellar structure and evolution: already at 100 pc, the 1 to 2 mas (for the fainter stars) Hipparcos parallax error translates into a ~ 10 to 20 % error of the distance, and thus to a ~ 20 to 40 % error of the luminosity, hardly a "precise" determination. In addition, many of the rarer stellar types (thus representing the faster and, in many cases, more interesting stages of stellar evolution) are very poorly represented (or absent) in the Hipparcos catalog.
While Gaia will use the same measurement principles as Hipparcos, i.e. scanning the sky in great circles along two lines of sight, the different technology employed will give a substantial improvement in performance, reaching an accuracy of ~ 10 fi&s at 15 mag and producing a catalog complete down to ~ 20 mag. The deep magnitude limit of Gaia, together with the red passband of the system to be used, will allow to observe individual stars directly at the distance of the Galactic center, as well as in the Magellanic Clouds, yielding a direct determination of their distance. The final Gaia catalog will consist of a magnitude-limited, unbiased sample of more than one billion stars, i.e. about 1 % of stars in our Galaxy will be individually observed.
The ability to accurately determine the parallax of individual stars will be of enormous importance. In Table 1 the precision of parallax determination of Gaia is compared with that of Hipparcos. The equivalent relative errors in the luminosity differ by a factor of two approximately. Two points are immediately evident from the table. First, Gaia will sample the immediate solar neighborhood (d < 25 pc) with unprecedented precision, supplying luminosities accurate to < 0.02 % for all stars of spectral class G and earlier.
Second, very good parallaxes (to ~ 1 %) will be available for stars across much of the accessible volume of the Galaxy.
ACCURATE STELLAR PARAMETERS
Except for eclipsing binaries (discussed below), accurate distances are needed to derive accurate stellar parameters. With a few exceptions, the parallax uncertainty (even in the Hipparcos case) is the major source of errors in determination of accurate stellar parameters. The lack of accurate distances is a strong limiting factor in the accuracy with which experimental data can be compared to models across much of the HR diagram. At the same time, the lack of accurate distances has been like a large carpet under which all the problems of stellar models could often be conveniently hidden away. The Hipparcos parallaxes have shrunk this carpet, uncovering some unexpected flaws in current models, but has not removed the carpet completely.
In the few cases, when ground-based asteroseismologic observations have been used to derive accurate stellar parameters (i.e. for the nearby G subgiant 77 Boo and for the two 8 Set stars, SX Phe and AI Vel, see Section 1), the resulting errors, in particular of the absolute luminosity, match very well the uncertainty of the Hipparcos parallaxes. Thus, while the two methods nicely confirm each other's results, neither of them is able to impose more stringent constraints on the other. With the precision offered by Gaia parallaxes, the challenge to the models to match the accurately measured luminosity will be much greater. 
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It is worth remarking that, once the parallax error drops significantly below the ~ 0.1 % mark (for Gaia this will be true up to ~ 100 pc), the uncertainty in the distance ceases to be the limiting factor in the accuracy with which a star can be positioned on the HR diagram. At that level, the errors of effective temperatures, bolometric corrections, as well as photospheric metal abundances (and abundance ratios, especially for opacity-producing elements such as O, Mg, Si), begin to dominate over any distance-related uncertainty. Effects related to differences between the surface and interior chemical compositions (for example, due to diffusion) are also likely to play a role. Another limiting factor in the accuracy, with which absolute magnitudes can be determined, is the intrinsic photometric variability of stars, with Hipparcos results showing that most stars are variable to ~ 0.1 %. The uncertainties in temperature and metallicity determinations originate both from the measurement errors and from the models which are used to interpret the spectra. In particular, the limitations of the relatively simple atmospheric models, used to interpret the spectra, together with the atomic coefficient errors, become important. Once again, if the "carpet" referred to above is removed, all the difficult issues swept under it will be exposed.
In the case of Gaia, the volume, in which "good accuracy" parallaxes (i.e. with errors < 1 %, which Hipparcos has reached only for some 500 individually selected stars) will be available, will drastically increase: for stars with My < 5 mag it will extend out to ~ 1 kpc, and even for M dwarfs it will span some tens of parsecs. This means that essentially every stellar type, even the rare, fast stages of stellar evolution, will be sampled in large numbers. This will allow to accurately measure the luminosity of every type of star in the HR diagram, giving rather formidable constraints on stellar structure models and evolution theory.
Binary stars
The only reliable source of accurate fundamental stellar parameters, in particular, masses, up to now is the study of binaries, in which the masses are simply derived from dynamical principles, without any model assumption. In the case of visual ("classical") binaries, the derived mass is scale-dependent, and thus the distance to the binary also needs to be known. The uncertainty in the mass scales is related with the parallax uncertainty rather unfavorably (M oc 7r -3 ), and thus accurate masses can only be deduced for the nearer systems: already at 10 pc, the ~ 1 % uncertainty of the Hipparcos parallaxes induces a ~ 3 % error in the derived masses. At 50 pc distance the same parallax uncertainty gives ~ 25 % error in masses.
Eclipsing binaries are now routinely providing radii and masses accurate to ~ 1 % over a rather wide range of stellar masses and evolutionary stages, in a completely distance-independent way. However, for the eclipsing systems the light curve is due to both components together, and these stars are unlikely to be good targets for asteroseismological studies.
Single stars
From the point of view of a priori knowledge of accurate stellar parameters, single stars, which will most likely constitute the majority of targets for future asteroseismological observations, are the most difficult cases. Dynamical mass determinations cannot be performed for individual stars, so that only the model-derived masses will be available (in addition, of course, to the values determined by asteroseismology). Accurate luminosities can be derived from parallaxes and photometry, which for a given T e ff, will yield stellar radii.
CASE STUDY: T TAURI STARS
Low-mass pre-main sequence stars (i.e. T Tauri stars, or TTS) are of strong interest to stellar evolution, among other things because they are, if sufficiently young, in a fully convective stage of evolution. Their asteroseismological study is therefore of obvious importance. Our poor knowledge of distances for even the nearest T Tauri stars strongly impairs determining of their parameters. * One of the brightest and perhaps best studied TTS is HD 283572, located in the Taurus cloud, the nearest active star-forming region. Its evolutionary status on the basis of the Hipparcos parallax has been studied by Favata et al. (1998) . The parallax for HD 283572 is 7r = 7.81 ± 1.30 mas, corresponding to a distance of 128 pc (implying My = 3.48 mag), with a la range of 110-154 pc, and a range in absolute magnitude of 3.81-3.08 mag, or a luminosity range of a factor of 2, and large uncertainties in the model age and mass of the system. For other T Tauri stars in Taurus the situation is even less favorable, with most of them having, in the Hipparcos data, a n ~ 2 mas. Indeed, an accurate determination of their evolutionary status is not possible, as the parallax error still dominates over other sources of uncertainty.
The Gaia parallaxes will once again completely remove the distance uncertainty in the determination of the fundamental stellar parameters for pre-main-sequence stars. This is shown graphically in Fig. 1 , where the position of some young stars of different ages at the distance of the Taurus cloud is plotted on a set of evolutionary tracks (from D'Antona & Mazzitelli 1998). The left panel shows the uncertainties on the HR diagram with the current Hipparcos parallaxes, while the right panel shows the same situation with the availability of the Gaia parallaxes.
* Although, again, this has been possible for a few pre-main sequence eclipsing binaries.
OTHER TYPES OF STARS
The same type of plots as in Fig. 1 could be shown for several other important stages of stellar evolution, for all of which Gaia will remove the effect of distance uncertainties. Perhaps the most dramatic effect will be obtained for the rarer stages in stellar evolution, for which Hipparcos has not been able to supply strong constraints on the luminosity, their distances being too large. Examples include Tc-rich S-type stars, the central stars of planetary nebulae, Population II stars and others.
For all of these stellar types the few available Hipparcos parallaxes show important discrepancies when compared with the existing theoretical models. Tc-rich S-type stars are very interesting for stellar structure because they dredge up the core material to the surface. The available Hipparcos data show that their status is far from being well understood: the derived core masses (0.52-0.56 M®) are smaller than the theoretical lower limit of core mass (0.58 M©) for the third dredge-up (Groenewegen et al. 1997) . However, the errors of the Hipparcos parallaxes (due to large distances to these stars) are such that the derived masses have a large uncertainty, and it is not possible to put more stringent constraints on the problem.
Accurate stellar parameters and photometric light curves will be also available for representative numbers of distance indicators, such as Cepheids and RR Lyrae variables: 55 Cepheids and 22 RR Lyrae stars are known within 1 kpc of the Sun, which all will be studied by Gaia.
The central stars of planetary nebulae (which again are rare and far away) from their Hipparcos parallaxes (Acker et al. 1998 ) also appear fainter than expected from stellar structure models. The problems, which arise when comparing models of Population II stars with observations, are discussed by Cayrel et al. (1997) . In all these cases, the number of the stars observed by Hipparcos are too low to be statistically significant, since usually they have been hand-selected as representatives of their classes from those which were known at the time of compilation of the Hipparcos input catalog. Their distances and absolute magnitudes determined from parallaxes are of relatively low accuracy, and this makes it difficult to investigate their HR diagrams and evolutionary status. Gaia will supply accurate parallaxes for large unbiased samples of each stellar type, thus solving the problems of determining their parameters and statistical properties. Fig. 1 . Pre-main-sequence evolutionary tracks for solar-type stars (M= 0.9, 1.0, 1.1 A/Q), with the positions for 1 M© star marked at ages 3 X10 5 , 2 X10 6 , 7 X10 6 , 3 X10 7 yr, corresponding to the end of D burning, the beginning of a radiative core, the beginning of nuclear burning and the zero-age main sequence. The error bars on the effective temperature are fixed at 1 % (somewhat optimistic), while the error bars on the luminosity only show the contribution of the parallax uncertainty for Hipparcos (left panel) and Gaia (right panel) at the distance of the nearest star-forming region (d ~ 150 pc). The dashed lines are the isochrones at 10 6 , 10 7 and 10 9 yr. Note that the Gaia parallax-induced error bars are in practice not visible in the plot.
